
The Electric Field

When two objects push against each other they experience a "contact

force", (i.e. a golf club hits a golf ball).

gle"t:

' t i,,'B;

^,.rflo,, !,&r,

{k
Y

v,if,- i

i:

,t/
I ili ,' .'xg' t*i'

A contact force is an example of a mechanical concept - one object

needs to push against or strike another object. Not all forces act

through contact.
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Both the gravitational and the electromagnetic force act without

contact between the two objects: they are objects that "act at a
distance" from each other.
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Newton gave much thought to the concept of action at a distance as

he tried to better understand gravity.
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To help visualize how a force can act at a distance, the idea of a
"force field" was introduced.

A force field is just a representation of

the magnitude and

the direction

of the force.

For instance, a gravitational force field would be represented by a set

of vectors directed towards the centre of the attracting mass.
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The concept of the FORCE FIELD was introduced

scientist Michael Faraday (1791 1867). Along

Faraday is considered a very important British Scientist.

by the British

with Newton,

Faraday did some very important experiments with both electric and

magnetic fields. To help visualize his experimental results Faraday

invented the concept of the electric force field. The electric force has

and so can be represented by a set of vectsrs.
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ln Faraday's view of electricity an electric field extends outwards from

every charge and fills space. For instance, the electric field around a

positive point charge is

The convention is the field points in the direction of the force

experienced by a positive test charge. The lines are known as

FIELD LINES. The force field for a negative point charge is directed

inwards

It is important to understand that a force field as we visualize them is

not a kind of matter.
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When a second point charge is placed near the first charge it feels a

force because of the electric field that is there.

The shape and nature of the force depends on whether the two point

charges are alike (e.g. positive and positive)

or whether they are unlike charges (e.9. positive and negative)
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We can investigate the electric field surrounding a charge or a group

of charges by measuring the magnitude and direction of the force on

a small positive point TEST CHARGE.

By a test charge we mean a positive charge that is so small that the

force it exerts does not significantly alter the distribution of the other

charges that create the field being measured.

The magnitude of the electric field strength E at a point is defined in

terms of the electric force F on a small positive test charge q at that

point:

E =F/Q

The units of the electric field strength is Newtons per Coulomb (N/C).

For instance, the electric field strength E at a distance R from a point

charge Q is

E=kQlR2

Take as an example the electric field experienced by an electron in

orbit at a Bohr radius (r = 0.53 x 10-10 m) from a proton.

The electric field strength E at this point is 5.13 x 1011 N/C.
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When you consider a gravitational field, the gravitational field strength

is the gravitational force divided by a test mass so that

g=F/m

The unit of the gravitational field strength is N/kg (which is equal to

m/s2). On earth g = 9.80 N/kg = 9.80 m/s2 - that ls, the gravitational

field strength is the rate of acceleration due to gravity.

ln drawing the electric field lines, there are conventions that are used:

1. The field lines indicate the direction of the electric field; the field

points in the direction tangent to the field line at any point.

2. The lines are drawn so that the magnitude of the electric field,

E, is proportional to the number of lines crossing a unit area

perpendicular to the lines; the closer together the lines the stronger

the field.

3. Electric fields start on positive charges and end on negative

charges; and the number starting or ending is proportional to the

magnitude of the charge.
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For example, by using a small test charge we can resolve the force

that come from a positive and a negative charge

By adding together the two vectors the field on the test charge due to

the positive charge E* and the field on the test charge due to the

negative charge E-, we produce a resultant vector which points in the

direction of the electric field at that point.

Notice also that the field lines on the electric field diagram get closer

together as we get closer to the charges - the electric field gets

stronger the closer the test charge q is to the positive or the negative

charges.
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